This paper assesses the range of equivalence or mapping types required to facilitate interoperability in the context of a distributed terminology server. A detailed set of mapping types were examined, with a view to determining their validity for characterizing relationships between mappings from selected terminologies (AAT, LCSH, MeSH, and UNESCO) to the Dewey Decimal Classification (DDC) scheme. It was hypothesized that the detailed set of 19 match types proposed by Chaplan in 1995 is unnecessary in this context and that they could be reduced to a less detailed conceptually-based set. Results from an extensive mapping exercise support the main hypothesis and a generic suite of match types are proposed, although doubt remains over the current adequacy of the developing Simple Knowledge Organization System (SKOS) Core Mapping Vocabulary Specification (MVS) for inter-terminology mapping.
Introduction
The recent growth in distributed digital libraries and repositories has restored interest in the interoperability of knowledge organization systems (KOS) to facilitate user access to discrete heterogeneous digital objects [1] . KOS employ a variety of disparate terminologies in the form of term lists (e.g. authority files, glossaries, gazetteers, dictionaries), classifications and categorization schemes (e.g. bibliographic classifications, taxonomies) and relational vocabularies (e.g. thesauri, subject heading lists, semantic networks, ontologies) [2] .
Within the growing number of repositories, digital objects are indexed and organized in accordance with a variety of different schemes. Since it is unrealistic to expect users to search each repository separately or to familiarize themselves with the numerous terminologies deployed, it is increasingly important that users are able to search or browse multiple distributed repositories simultaneously. Currently, however, the effectiveness of such systems tends to remain dependent upon the degree of interoperability afforded between the terminologies in use. Technical approaches seeking to artificially or intellectually optimize interoperability therefore continue to form a key area of research [e.g. [2] [3] [4] [5] . One such approach that has attracted significant attention is terminology mapping (or vocabulary mapping).
Terminology mapping is evident in a variety of KOS interoperability approaches and essentially involves imposing equivalence, conceptual and hierarchical relationships between terms in different schemes [4] . The assumption underpinning mapping is that equivalence can exist between disparate KOS and their respective terminologies [4] ; however, exact equivalence is rarely attainable [6] due to the complexities inherent in natural language.
Whilst recent research into the application of automated techniques has aided in the management of large terminology sets and even assisted in mapping implementation itself [7] , the process of terminology mapping remains largely intellectual, and therefore heavily dependent on human intervention. One continuing problem inherent in the terminology mapping process -whether intellectual or automated -is accurately characterizing the type of mapping match between terms. The existence of linguistic inconsistencies across terminologies (e.g. synonyms, homonyms, antonyms, etc.), grammatical variations (e.g. singular/plural forms, alternative spellings or punctuation, verb tenses, etc.), variations in subject coverage, and the relative specificity or level of granularity with which terminologies accommodate like concepts, limits their potential for exact equivalence. Differing structures of the terminologies being mapped can also prove problematic for mapping across different KOS; for example, classification schemes can have radically different structures to relational vocabularies. Consequently, mapped terms may only exemplify partial equivalence.
Given that exact equivalence between terminologies will be rare, it is necessary to accurately characterize the degree of equivalence by assigning match types during the mapping process. This is considered necessary to:
• Enable the ranking of results according to the degree of concordance with users' preferred terminology. For example, it is considered likely that an exact match will be more relevant to a user query than an inexact match, whether due to a spelling variation, part-of-speech difference and so on, since it is closer to the term originally sought by the user. A user may search for 'tooth'; it is likely that matches for 'tooth' will be more relevant to the user than those for 'teeth', and so should be ranked more highly in the results set presented.
• Provide users with details of the precise nature of the relationship(s) between their entered query and their retrieved result set (which will invariably include mapped terms from other terminologies, or comprise resources retrieved using terms derived from mapped terminologies).
• Impart sufficient information during subject hierarchy browsing to enable users to make informed decisions about the relevance of mapped terms.
• Provide users with mappings that can be used to generate relevance feedback.
• Help identify mapping regularities between specific terminologies, thus facilitating the research and development of improved automated routines to assist in large-scale terminology mapping.
Various match types have been proposed, e.g. [3, 4, [7] [8] [9] [10] . In this paper we examine terminology mapping match types in relation to a Dewey Decimal Classification (DDC)-based terminology server. In particular, we assess the suitability of Chaplan's 19 match types [8] as forming the basis of a generic suite of equivalence matches to be used by services employing terminology mapping. Chaplan's investigation constitutes one of the most thorough pieces of research in this area and, as such, the 19 mapping types presented in her paper provide a concrete basis for the current study.
The remainder of this paper is organized as follows: Sections 2, 3 and 4 will review related literature and establish the aims of the study. Section 5 describes the methodology used to test the Chaplan match types in relation to our data set. The crux of the paper (Sections 6 and 7) deals with if not all, disciplines encompassed by the schemes with which it is to be used [15, 18] . Failure to select such a broad terminology will result in the switching language degrading any requests sent from a detailed terminology (e.g. a domain-specific terminology). The use of universal classification schemes for switching has therefore attracted much attention, particularly those schemes that are notation-based. The theoretical foundation for using such terminologies was established early on [19, 20] and has subsequently been explored by a variety of recent research projects, e.g. [3, 21, 22] . Schemes such as the Universal Decimal Classification (UDC) and the Dewey Decimal Classification (DDC) exemplify wide subject coverage and are suitable for multi-disciplinary user groups. They also experience global use; DDC, in particular, is available via the subscription-based OCLC Connexion service, providing quick access to frequently updated schedules and thus aiding the mapping and management of terminologies [3] . The analytico-synthetic features, although more prominent in UDC than DDC, allow the construction of diverse and detailed concepts which can then be expressed in hierarchical notation [23] . More generally, such schemes are conducive to hierarchical browsing and facilitate the display of associated thesaurus terms [2] .
The match type work documented in this paper is based within the context of a DDC spine-based terminology server [24] . The spine-based approach is conceptually similar to switching but differs in that DDC does not always assume a passive role in the switching process. Rather, DDC remains central to users' disambiguation processes [25] . Since DDC notation is generally indicative of the taxonomic hierarchy, the truncation of DDC numbers is initiated if no hits are found using mapped terminologies. This truncation occurs successively until one or more hits are identified. For example, if a user query for 'greenhouse gases' was matched to 363.73874 and no hits were found, the system would truncate the DDC number as follows: The spine-based approach also facilitates hierarchical browsing and the discovery of like terms within other terminologies. The current machine to machine (M2M) web-service implementation of this server provides a variety of terminological functions, such as the enrichment of users' search queries by providing (where applicable) related terms (RT), broader terms (BT), narrower terms (NT), scope notes, etc. associated with specific, named, terminologies (which are then marked up in the Simple Knowledge Organization System (SKOS) Core and sent to local systems for use) [26] . However, the primary function of the server remains mapping between disparate terminologies within a variety of different user searching scenarios.
Match types: related work
Several investigations into mapping match types have been conducted over many years and have largely arisen as a result of research into terminology mapping; however, investigations into terminology compatibility and integration have also been successful in defining degrees of equivalence. For example, Neville [9] studied the types of incompatibility between keywords in different thesauri pertaining to the same subject area for possible thesauri reconciliation based on a source thesaurus using concept code numbering. Although he identified numerous types of relationships and proposed some solutions for accommodating those which were complex, many have limited applicability within an operational mapping system.
While researching and developing an operational terminology switching system, Silvester and Klingbiel [10] developed a series of rules to accommodate switching between the Defense Technical Information Center (DTIC) subject terms and the National Aeronautics and Space Administration (NASA) thesaurus by using a so-called 'lexical dictionary'. These rules were established as system commands, but characterized the degree of term equivalence between terminologies: with delete, identity, simple change, list, and table. 'Delete' indicates that there are no conceptually equivalent terms in the NASA thesaurus (i.e. no match between input and output terms). 'Identity' indicates that the input is identical or equal to the output (i.e. an exact match between input and output terms). 'Simple change' indicates a 'minor' change and characterizes instances where the input term expresses the same concept as the output but differs in minor respects. For example, the input term may be plural and the output term singular. This rule also accommodates other grammatical variations such as suffix variations (e.g. 'ing' or 'tion') and synonyms. 'List' applies when a single term is switched to multiple terms. In such instances the multiple terms express the same concept (e.g. Machmeters/Mach number, speed indicators). Finally, 'table' indicates the occurrence of 'tables'. That is, the input term is context sensitive and requires additional terms to clarify the concept.
Iyer and Giguere [27] investigated a prototype expert system interface enabling mathematicians to discover library resources classified according to DDC, but using the American Mathematic Society (AMS) Mathematics Subject Classification (MSC). Their expert system mapped the MSC scheme to 510 (Mathematics) in DDC. Although similarities were noted in the divisions of mathematics covered by both schemes, both differed significantly in their level of specificity and emphasis. Iyer and Giguere reconciled these differences by analysing both schemes to identify a series of 'mapping strategies': exact matches, specific to general, general to specific, many to one, cyclic mapping, no matches, and specific and broad class mapping. 'Exact matches' were considered instances whereby the MSC scheme has a corresponding DDC number at a similar level of specificity. 'Specific to general' accommodated those MSC concepts that are overly specific for DDC and were mapped to the nearest broader DDC class. 'General to specific' is the reverse of 'specific to general' and characterized instances where DDC exemplifies greater specificity than MSC. 'Many to one' matches were those where acknowledged subclasses of a particular MSC concept were distributed across several locations of the semantic hierarchy, whilst in DDC they are located within one class, thus necessitating several mappings to the same DDC number. 'Cyclic mapping' accommodated instances where a DDC number has a broader scope than a similar number in MSC. For example, 'Vector and tensor analysis' (53A45 MSC) was mapped to a DDC number representing vector, tensor and spinor analysis (515.63). 'Spinor analysis' (53A50 MSC) was therefore also mapped to 515.63. 'No matches' constituted instances whereby those areas of the mathematics discipline comprehensively treated in MSC have absolutely no equivalence in DDC. Finally, Iyer and Giguere considered 'specific and broad class mapping' to refer to instances in which primary divisions in MSC may map satisfactorily, but where further specificity can not be accommodated in the target scheme (DDC), thus forcing a 'broad class' mapping.
While researching the possibilities for a multilingual thesaurus, Riesthuis [28] investigated the use of six forms of equivalence to facilitate a model designed to aid cross-lingual retrieval. Riesthuis' model used 'partial equivalence', 'loan terms', 'inexact equivalence', 'single-to-multiple' and 'nonequivalence'. Owing to the fact that Riesthuis was exploring equivalence in a multilingual environment, several of the match types accommodate relationships that would not necessarily occur in a monolingual environment. 'Partial equivalence' denotes instances whereby a term in languages A and B of the same thesaurus are not satisfactorily equivalent; however, a degree of overlap is found. By way of example, Riesthuis notes that the Dutch word 'record' has a narrower sense than the English word; Dutch records are a type of the English term records. 'Loan terms' are terms from a source language that are adopted in a target language when they refer to concepts that are unfamiliar to the users of that language. This is particularly true of names (e.g. 'lei' will be adopted for the Romanian currency in the Hungarian version and 'forint' for the Hungarian currency in the Romanian version of the same thesaurus). Riesthuis concedes that such a strategy is less appropriate for abstract concepts and introduces 'inexact equivalence' to accommodate terms that in translation dictionaries are often cited as equivalent and are therefore used for indexing, but are actually not truly equivalent, e.g. 'Wissenschaft' (German) and 'Science' (English). 'Single-to-multiple' and 'non-equivalence' represent matches similar to (the converse of) 'many to one' and 'no match' respectively, as proposed by Iyer and Giguere [27] .
Conceptual approaches: Renardus, SKOS Core, the semantic web
Koch et al. [3] developed a web-based service (Renardus) to facilitate searching and browsing across a variety of distributed European information services and subject gateways. DDC was used as a common switching terminology and browse structure. Koch et al. acknowledged the need to specify the degree of mapping equivalence and used the principle of set theory to create five separate mapping match types: fully equivalent, narrower, broader, major overlap and minor overlap, when compared with a DDC class. It is worth noting that the Renardus match types are less concerned with expressing the specific nature of matches (or otherwise) and instead seek to characterize relationships of a conceptual nature. For example, 'fully equivalent' denotes that there is good equivalence between the terminologies, irrespective of how that concept may be represented. Such a match type essentially subsumes those matches generally described as exactly or conceptually equivalent [8, 10] . It also subsumes those matches that might normally be differentiated on the grounds of grammatical or lexical variations (e.g. plural/singular, abbreviations/acronyms, etc.). Whilst the approach proposed by Koch et al. [3] jettisons the emphasis placed on terminological incongruities, it is consistent with traditional classification and indexing theory which attempts to reconcile concepts rather than the terms used to represent those concepts.
A similar approach has been adopted by semantic web approaches, such as the proposed W3C Simple Knowledge Organization System (SKOS) Core [29] . SKOS Core is based on the representation of concepts and is an application of the Resource Description Framework (RDF). It provides a model for expressing the structure and content of various KOS to enable easy machine processing. Miles and Brickley [30] have proposed the SKOS Core Mapping Vocabulary Specification (MVS) to support the mapping of concepts between different schemes using the SKOS Core framework. This emerged from similar work [31] undertaken by the SWAD-Europe project [32] . The properties proposed by SKOS are: exactMatch, broadMatch, narrowMatch, majorMatch and minorMatch. The SKOS Core MVS also supplements the match types with a series of classes (AND, OR, NOT) for combining or excluding concepts. For example, the class AND is used to denote the intersection of two or more concepts. The term 'health services administration' in terminology A may therefore map to 'health services' AND 'administration' in terminology B.
The definitions of the SKOS MVS match types are similar to those used by Koch et al. [3] and are based on the assumption that the number of resources assigned to a particular concept is known. For example, majorMatch is where a 'set of resources properly indexed against concept A shares more than 50% of its members with the set of resources properly indexed against concept B' [30] . It therefore remains unclear how appropriate the SKOS Core MVS currently is for terminology mapping services. Such match type definitions are conducive to static terminology mappings, but less suited to dynamic mappings (invoked via a terminology server) where little is known about the resources or the indexes held in the repositories with which a client will interact. Although some of the match types could theoretically be used, their application would probably be inconsistent with the conceptual underpinnings and assumptions inherent in the Specification (unless appropriate extensions or modifications are made). The SKOS Core MVS has yet to experience wide deployment or testing; however, Liang et al. [33] report difficulties while mapping from AGROVOC Thesaurus to the Chinese Agricultural Thesaurus. They cite ill-defined mapping properties and find the assumptions inherent in the Specification to limit particular applications. Liang et al. consequently propose some redefinitions.
Matches derived via co-occurrence mapping
OCLC have experimented significantly with co-occurrence mapping, e.g. [34, 35] , involving statistical routines which extract 'loosely-mapped' terms from metadata records containing terms from more than one terminology [2] . For example, it is possible to implement a co-occurrence process using MARC21 Authority Format [36] metadata records that employ tag 082 (DDC number) and tags 600-651 (subject added entry) that use second indicator 0, denoting LCSH (Library of Congress Subject Headings) in order to derive a loose set of mappings between the two terminologies. Such techniques have been used to great effect by OCLC to provide popular LCSH with mapped DDC numbers for practitioners [37] and within the WebDewey service [38] .
Vizine-Goetz et al. [7] recently conducted research to further develop such inter-vocabulary association techniques and mapped terms from the Educational Resources Information Center (ERIC) Thesaurus to LCSH. Their methodology entailed encoding both terminologies according to the MARC21 Authority Format and implementing a series of algorithms to ascertain matches. To aid match analysis and to express inter-term relationships, Vizine-Goetz et al. categorized matches according to four separate match types, PT/PT, PT/NPT, NPT/NPT and NPT/PT, all of which signify exact matches between preferred and non preferred terms in source/target terminologies. While spacing, capitalization and punctuation are ignored during their matching process, Vizine-Goetz et al. acknowledge that they focus on exact matches and that various other potential matches (e.g. plural/singular, further specification, etc.) are not accommodated within their categorization. The match types cannot therefore be said to be exhaustive and are optimized for investigation of the relational vocabularies at hand (i.e. ERIC and LCSH). Their use as generic mapping types (i.e. applicable to all kinds of KOS) consequently remains unclear.
Chaplan match types
Arguably the most significant contribution to mapping match types has been proposed by Chaplan [8] whose investigation focussed on identifying the nature of term matches that could potentially be used to enhance the performance of switching systems. Chaplan's methodology entailed the intellectual mapping of terms from the Laborline Thesaurus to LCSH, resulting in the subsequent identification of 19 separate match types (Table 1 ). Chaplan concluded that the relationships between terminologies were 'vastly more complex than supposed' and stated that relatively straightforward matches (i.e. exact match, partial match, no match) were inadequate to accurately characterize the full range of relationship types evident between terms in different schemes. It is noteworthy that several of Chaplan's more complex, semantic matches confirm those identified during thesauri reconciliation experiments by Neville [9] (e.g. Chaplan: opposite or negative; Neville: antonymous terms), whilst others are of a morphological nature, e.g. singular/plural match. Chaplan notes that further research is required to ascertain whether these results are applicable across a variety of different terminologies. The work documented in this paper goes some way to testing the applicability of Chaplan's match types across a variety of KOS, details of which are provided in the methodology section.
Rationale and objectives
The work documented here attempts to examine terminology mapping match types in relation to a DDC-based terminology server. In particular, we assess the suitability and validity of Chaplan's 19 match types [8] as the basis of a generic suite of equivalence matches to be used by services employing terminology mapping. Match types will facilitate the expression of the nature of equivalence between terms from different schemes, thus improving the ability to search disparate collections employing different terminologies. Such an assessment requires consideration of whether mappings between disparate KOS terminologies can be adequately represented by Chaplan's set of match types or whether alternative and/or additional match types are required. This is particularly important since the majority of match type research focusses on mapping between similarly structured relational vocabularies.
An earlier instantiation of the DDC spine-based terminology server used match types based on the work of Chaplan. These match types were used primarily to aid users during the disambiguation process whereby they select their preferred term in context from the DDC hierarchies presented. The growth of semantic web applications [39] and the associated need to deconstruct and link lexically disparate search terms or phrases [40] suggests that the broad range of match types proposed by Chaplan may not always be required. However, the conceptual approach based on set theory (i.e. SKOS Core MVS), as noted in Section 3.1, can be limited for terminology services and for some of the terminological functions such services may wish to offer. We envisage instances within our framework where finer granularity may be required (e.g. during particular phases of user disambiguation). Similarly to Liang and Sini [41] we consider the conceptual approach to be somewhat abstract for the practical application of mappings in this context. Extensions to the SKOS Core MVS are outside the scope of this paper; we are interested in the extent to which Chaplan's match types could form the basis of a generic suite of match types to be used by terminology services. It is hypothesized that such a large number of match types -across a variety of terminologies and using the specified rules -is unnecessary and could easily be collapsed into a smaller number, possibly reflecting alternative approaches [3, 30] . It is also thought that the scope of some match types (specifically part-of-speech difference and suffix variation) is ill-defined, which may lead to misapplication.
Methodology

Selection of schemes
To test the validity of Chaplan's match types, four terminologies were selected for mapping to DDC [42] : LCSH [43] , MeSH (Medical Subject Headings) [44] , UNESCO Thesaurus [45] and AAT (Art and Architecture Thesaurus) [46] . The selection of these particular terminologies was purposive. Each of the selected terminologies experiences wide international use and two (MeSH and AAT) are discipline-specific, thus exemplifying significant subject detail and higher levels of granularity than the two general schemes (LCSH and UNESCO Thesaurus). A categorization of the terminologies used according to Zeng and Chan's [2] KOS typology is provided in Table 2 . Relational vocabularies are those that emphasize the use of cross-references and associative relationships between Emma McCulloch and George Macgregor concepts and the terms used to represent those concepts (e.g. thesauri and subject headings). Classification schemes are those schemes that seek to order and group like concepts, thus establishing distinct subject groups (e.g. LIS classification schemes and taxonomies). The selection of schemes pertaining to each type of categorization enables the examination of different structures since, in reality, different collections and services use differently structured terminologies; a problem at the root of vocabulary interoperability. An example of term lists was not included in the investigation; however, our assumption is that term lists exemplify simpler structures than relational vocabularies. Any match types capable of accommodating the latter form of KOS should theoretically be more than capable of accommodating the former.
Selection of terms
Machine readable copies (in XML) of the terminologies were obtained and loaded into an appropriately structured database. A simple Java program was written to randomly select 50 terms from each terminology. The extracted terms were then mapped to DDC notation by both authors (A and B). To assist in the mapping process, terms from the selected terminologies and notation/captions from the terminological spine (DDC) were considered in context. That is, the nomenclature surrounding terms (in both extracted terms and DDC notation/captions), any broader and narrower relationships, related terms, and scope notes associated with terms, were all studied to ensure accuracy of mappings between terminologies. Notation of the nearest broader or narrower concept was considered if no suitable exact or concept match could be found in the target terminology [4] . WebDewey [38] was used to search and browse DDC schedules for appropriate mappings. These tasks were undertaken independently by each author in order to increase the validity of identified mappings, and results were recorded in an appropriately structured matrix (Table 3) . Further consistency was ensured by observing strict DDC application rules with respect to the 'class here' and 'including' notes, which were treated distinctly [47] . For example, DDC caption scope notes employing the use of 'class here' are considered to approximate the whole class and therefore are unlikely to receive separate numbers. When instructed to 'class here', a concept match was assumed. Similarly, 'include' notes were considered to constitute a narrower term match. As such, where 'class here' and 'including' notes were evident, between-term relationships were coded as match types 14 and 5 respectively. Authors A and B re-grouped following the mapping process to compare results. Contentious mappings were examined closely and resolved through a process of re-analysis of DDC schedules and any available instructions relating to the mapped schemes.
It should be noted that DDC notation is supplemented with captions used to inform practitioners during concept translation. Although these are often used for creating labelled hierarchical browsing structures in various systems, e.g. [48, 49] , and are occasionally used by services for indexing, the primary indicator remains the notation. However, since the display of DDC notation in isolation is of limited value to users, our terminology server provides captions (alongside notation) to make mappings meaningful to users (as do other systems, see for example [49] ) and to aid the usability of the alternative terminological functions offered. Consequently, mappings from satellite terminologies to the DDC spine take account of captions as a principal source of mapping information.
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Categorization of mappings
Authors A and B then categorized the mappings in accordance with Chaplan's 19 match types. These categorizations were undertaken independently and were encoded by adding 1-19 to an additional column of the matrix. The authors then reconvened to determine the level of agreement of codes assigned across all 200 mapped terms. Individual matrices were merged to ascertain where authors' match types agreed, or otherwise. Where concordance on match types did not occur, the relevant terminologies were revisited to clarify terms in context together with relevant nomenclature. Where necessary, additional research work was undertaken, including consulting reference works and domain-specific resources to elucidate term definitions and scope. In all instances, the authors were able to reach agreement on match codes assigned.
Comment on linguistic analysis
The area of linguistic analysis is extremely complex although for vocabulary mapping between disparate terminologies it is considered unnecessary and indeed unrealistic to attempt to take cognizance of all levels of linguistic analysis within an online search environment. The START Information Server [50] , built at the MIT Artificial Intelligence Laboratory, concerned with sentence level processing, was created under the premise that morphological, syntactic and semantic information is necessary and sufficient for the system to understand natural language in the form of sentences. In the present context of a terminology server, users will typically search for a single term or phrase [51] and are likely to assess search results based on the incidence of these terms/phrases within the documents returned. It is unlikely that complete sentences would be entered as search queries. Users are likely to consider the form of words, their meaning and context when judging the relevance of results returned. As such, few levels of linguistic analysis are considered within the current study when establishing equivalence via terminology mapping, where single or compound terms from one scheme are being directly mapped to equivalent single or compound terms in another scheme. In this context phonetics and phonology appear peripheral since both concern the sound of language, rather than the meaning, context or sense of a term; elements typically at the centre of effective information retrieval. Although syntax is critical for effective computational linguistic analysis, primarily for sentence processing [52] , the nature of user searching makes it less pertinent than other analytical levels. It follows that phonetics, phonology and syntax are largely overlooked in the present paper, with morphological, semantic and pragmatic differences between terms being considered of primary importance due to the online environment and the manual nature of the mappings implemented in this study. This does not mean other elements of linguistic analysis are completely ignored however. Some aspects of analysis such as syntax and to some extent pragmatics will be facilitated by a process of disambiguation within a terminology server. The user will select the intended meaning of a search term or phrase, choosing from a range of contexts presented. For example, they will be able to specify whether a search for 'windows' refers to the Microsoft Operating System or the glass covered openings typically found within buildings and vehicles. It should be noted that for the purposes of automated mapping within the English language, however, far wider linguistic analysis and subsequent mapping algorithms would require to be undertaken and formulated.
Caveats
Chaplan's study assigned multiple match codes to mappings. This practice was not followed in the present study since the authors neither fully understood nor agreed with Chaplan's documented work. For example, the relationship between the terms 'watch making' and 'clock and watch making' couldaccording to Chaplan's definitions -be simultaneously considered as 2 (exact cross-reference match), 10 (spelling variation), 15 (homograph) and 18 (no match). In the authors' opinion a subordinate/ superordinate relationship is also valid in such an example, but it is unclear why Chaplan has not encoded it accordingly. In addition, examples given to illustrate some match codes are ambiguous. For example, match code 8 (word order variation) is characterized as follows: A: Illegal alien; B: Aliens, illegal. Since this mapping also constitutes a singular/plural relationship it is not considered exclusive and is therefore a poor example with which to define word order variation. As a result of such uncertainty, and with a view to providing clarity to the user, the methodology asserted that only one match code could be assigned to any given mapping.
Findings
Match codes: level of agreement
The two sets of emergent data were combined to determine any areas of disagreement regarding the match codes assigned. The mean level of agreement between authors across all schemes was 164 (82%) with a standard deviation of 13.54. It was found (Table 4) that the level of agreement between authors was higher for discipline-specific schemes such as AAT and MeSH and somewhat lower for more generic schemes like LCSH and UNESCO. Taken together, the mean level of agreement for discipline-specific schemes was 93%, compared with 71% for the two general schemes investigated.
Authors A and B did not agree on the match type relationships between mapped terms on 36 of 200 occasions (18%) ( Table 5 ). The highest proportion of disagreement was found between match codes assigned for LCSH and UNESCO, when compared to AAT and MeSH. The former two schemes elicited 80.56% of all disagreements between assigned match codes.
A total of 33 of the 36 (87.88%) between-author disagreements involved match code 14. Such disagreement constituted 91.67% of all disagreements across the 200 mappings implemented. That is, on 33 occasions one author categorized a mapping as a concept match while the other considered it to demonstrate an alternative type of equivalence. In 29 of the 33 cases, conflict arose between a concept match (14) and narrower (5) or broader (6) term matches. Disagreements involving match code 14 were the only type encountered when mapping AAT and MeSH to DDC.
A further three distinct mismatches were evident from the LCSH and MeSH data (see Table 5 ). The first arose between code 18 (no match) and 5 (species-genus subordination). The second between code 11 (suffix variation) and 7 (part-of-speech difference), and the third between code 1 (exact match) and 10 (spelling variation). The latter was the only instance where authors A and B encoded a mapping differently and subsequently agreed on a third code when conflating their data. In all other cases, agreed match codes were consistent with at least one of the author's original categorizations.
Agreed match codes: frequencies
A frequency count of each of the agreed match codes was conducted (Table 6 and Figure 2 ). When mapping terms from AAT, LCSH, MeSH and UNESCO to DDC, match codes 1, 5 and 14 proved valid across all schemes. That is, terms from all four schemes elicited relationships categorized as exact match, narrower term and concept match when mapped to DDC (see Figure 2) . The most commonly assigned match code was 5 (narrower term) constituting 113 (56.5%) of the 200 codes assigned. Beyond the 89% of mappings categorized as narrower, concept or exact matches, the remaining 11% were collectively indicative of match codes 3 (exact match with intervening characters), 4 (plural form), 6 (genus-species superordination (or broader)), 7 (part-of-speech difference), 9 (further specification) and 10 (spelling variation). Match code 6 (broader term) was only assigned on three occasions and was used to characterize the relationship between terms from the more general LCSH and UNESCO. Match code 6 was not applied when mapping from subject-specific schemes.
Ranking of agreed match codes, by scheme
Assigned match codes were ranked according to frequency for each of the four schemes involved (see Table 7 ). Match code 5 (species-genus subordination) ranked the most frequently assigned code across three of the four schemes used -AAT, LCSH and MeSH -and ranked second in the case of UNESCO, with only a single occurrence (or 2%) separating the two top ranked match types in this case. UNESCO, when mapped to DDC, elicited one more concept match than narrower term match, making match code 14 the most highly ranked for this scheme. 0  14  7  14  12  24  5  10  15  30  39  19 . 5 1 5 - Total  50  100  50  100  50  100  50  100  200 The second most frequently assigned match code was 14: concept match. This was the case for AAT and LCSH. It also ranked joint second for terms mapped from MeSH to DDC along with code 1: exact match.
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Exact matches (code 1) were the third most frequently assigned mapping type, constituting 13% of match types across all schemes. Exact matches were the third most frequently encountered relationship between terms mapped from AAT and UNESCO. MeSH mappings elicited an equal number of exact matches and concept matches (5 occurrences or 10%). For LCSH, code 9 (further specification) ranked in third place. Table 8 summarizes these findings by presenting assigned match codes by ranking, illustrating that fewer mapping types were required to characterize relationships between subject-specific schemes and DDC. A greater range of relationships was evident when considering equivalence relationships between terms in LCSH and UNESCO; that is to say, a more varied set of match codes was applied. Tables 7 and 8 indicate that a total of nine Chaplan match types were deemed valid for the purpose of expressing equivalence relationships from terms in AAT, LCSH, MeSH and UNESCO, to DDC. Illustrative examples are provided in Table 9 . Of the remaining 10 relationship types identified by Chaplan only two were assigned throughout the study, and were subsequently ruled out following the merging of authors' encoded match types. On one occasion author A categorized a match as 11 (suffix variation); and on a second occasion as 18 (no match). In the former case, the assignation of code 11 was replaced with 7 (part-of-speech difference). In the latter, 18 was replaced with 5 (narrower term). 
Match types validated
AA T 3 -- - 1 - --- - - - - 2 - - - - - LCSH 4 -- 5.5 1 5.5 --3 - - - - 2 - - - - - MeSH 2.5 -4.5 - 1 - --4.5 - - - - 2.5 - - - - - UNESCO 3 -7 - 2 5 7 -4 7 - - - 1 - - - - - Mean Ranking (to 2 d.p.
Key findings: summary
• Match codes were assigned more consistently for subject specific schemes than for more general schemes.
• 91.67% of between-author disagreements (as shown in Table 5 ) involved match code 14.
• A total of nine of Chaplan's original 19 match types were verified.
• Exact matches, concept matches and narrower term matches were the three most frequently assigned match codes, and were the only three to prove valid across all four schemes investigated. Between them, they accounted for 178 of 200 (89%) codes assigned.
• A narrower range of match codes was required to categorize relationship types when mapping terms from subject-specific schemes to DDC, compared to that of the general schemes LCSH and UNESCO.
Discussion
Match codes: level of agreement
It was noted in Section 6 that between-author variation arose in relation to particular assigned match codes; 91.67% of the said variation involved match code 14 (concept match), suggesting that the nature of this equivalence relationship is poorly defined, resulting in blurring of boundaries with other match codes. The fact that 80.56% of variations involving code 14 also involved codes 5/6 suggests that there is general confusion over what may constitute a narrower/broader term match and a concept match. It seems that concepts are often considered equivalent when one is actually a superset/subset of the other. The blurring of concept matches and narrower/broader term matches could result from an inability to distinguish sufficiently between an equivalent concept and super/ sub concepts (i.e. X is part of Y) or it may be a symptom of limited subject knowledge on the part of the authors. Besides disagreement involving code 14, a total of three additional disagreements were encountered.
Although evident on a single occasion only, the conflict between codes 7 and 11 suggests that such linguistic distinctions are not required for terminology mapping within this context. In this The authors recognize that, depending on the context, 'Heating' -'Heat' might convey quite different concepts and therefore constitutes a weak example of the 'part-of-speech difference' match type proposed by Chaplan. However, it was the only example potentially capable of signifying this match type that emerged from the study. It is likely that with an increased set of mapped terms, a more sound example might have been uncovered. The need for a degree of morphological processing may be evident here, since the roots of the two words are identical although the meanings are quite different.
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In contrast to author B's categorization as 'part-of-speech difference', author A categorized this mapping as a 'suffix variation', conforming to Chaplan's example: On revisiting Chaplan's definitions there is no significant difference between the two examples quoted above, suggesting that they are sufficiently equivalent and could be merged. Indeed, Chaplan herself implied that these two measures of equivalence may not be sufficiently distinct from one another following a 50% overlap in terms categorized with both codes during her study.
Authors A and B assigned codes 18 and 5 respectively to the following example: When revisited by the authors it became evident that a scope note under DDC Table 3 -C [36] provides instruction to 'Include Don Juan'. It therefore follows that code 5 was agreed upon.
Where disagreement arose from one author assigning code 1 (exact match) and the other code 10 (spelling variation), the overall outcome was inconsistent with both authors. This was the only single occurrence of neither authors' codes being assigned following re-analysis of the terms in context. The authors agreed that example:
A: Viet Nam B: (959.7) Southeast Asia > Vietnam should be assigned match code 3 (exact match with intervening characters). Since each character is exactly matched it was agreed that capitalization did not constitute a spelling variation as such, but that the space in case A constituted -in a machine readable sense -an 'intervening character'. It could be argued that the above example also provides 'further specification'; however, the decision was taken early on that DDC hierarchies should be taken into consideration since contextual detail was required to ascertain, for example, whether a DDC caption was broader or narrower than its equivalent in an alternative scheme.
Agreed match codes: frequencies
It is likely that the reason match code 5 was the most frequently encountered relationship characterizing mappings from AAT, LCSH and MeSH, and the second most frequently occurring in the case of UNESCO, was due to the use of a universal classification scheme as the target terminology. DDC attempts to provide an epistemological interpretation of knowledge and the treatment of concepts is therefore often more broad, even when analytico-synthetic features are employed. The mapped schemes' terms tend to be more granular as indicated by the proportion of species-genus relationships. The infrequent assignation of reciprocal match code 6 (genus-species or broader term match) in our study appears to support this assertion. Code 5 was the second most frequently assigned in the case of UNESCO, although the first and second place rankings only differed by a single mapping. The inability of DDC to match the granularity of the mapped schemes is telling and suggests that in many cases the target will actually degrade the signal for the user [15, 18] , as discussed in Section 2. Furthermore, the nature of DDC as a bibliographic classification scheme dictates that it is complex when compared to relational vocabularies or term lists, and is often not conducive to term-to-term mappings. Analytico-synthetic features have to be regularly employed to express particular concepts and therefore concepts do not exist in a formal sense. This renders the identification of direct equivalence problematic. It is therefore important to note that although the use of target schemes (e.g. DDC) often proves advantageous [3, 21, 22] and theoretically sound [19, 20, 53] , their use may actually compromise retrieval performance for users.
Concept match (code 14) proved the second most frequently assigned match type in characterizing relationships between terms mapped from AAT and LCSH, and joint second (with exact match) for MeSH. For UNESCO, code 14 was the most frequently applied. This indicates that concept matches are evident across all schemes and are a necessary means of identifying like terms. This assertion holds when considering both general and discipline-specific schemes, indicating a good degree of conceptual equivalence across all schemes and accounting for 19.5% of total equivalence. Closer examination reveals a higher proportion of conceptual equivalence between universal schemes and DDC -i.e. LCSH (24%); UNESCO (30%) -than is evident in the case of more granular terminologies such as AAT (14%) and MeSH (10%).
Code 9 (further specification) ranked the third most frequently assigned match type when characterizing relationships between concepts from LCSH and DDC. We consider this to be a consequence of the structural nature of LCSH. For example, LCSH is a relational vocabulary (i.e. subject heading list) employing the use of subdivisions. Where the DDC hierarchy reads 'Computer programming, programs, data > Programming > Programming languages' (005.13) the equivalent LCSH heading would read 'Programming languages (Electronic computers)'. While the DDC hierarchy provides contextual information clarifying that the programming languages being referred to directly relate to computers, the lack of sufficient hierarchical semantic structure in LCSH necessitates the use of qualifiers (i.e. 'Electronic computers'), thus providing 'further specification'.
Aside from the three most frequently assigned match types (narrower term, concept match and exact match), which the data highlight as characteristic of frequently occurring relationships between terms in disparate schemes, and with the exception of code 6 (broader) as a reciprocal entity of narrower, it appears that the remaining codes assigned (3, 4, 7, 9 and 10) (Table 6 ) can each be considered as a form of exact or concept match. This would suggest that the 9.5% of match types defined by codes 3 (exact match with intervening characters), 4 (plural form), 7 (part-of-speech difference), 9 (further specification) and 10 (spelling variation) could be combined and considered more generally as exact or concept matches. It is considered unlikely that the user of a terminology server would benefit from the knowledge that, for example, 'absenteeism (labor)' has further specification than 'absenteeism'. Users simply want to know that the terms show some level of equivalence in respect of the concepts they represent [54] unless the further specification alters the context of the term.
Match types validated
Recall that the primary aim of this study was to test the hypothesis that such a large number of match types -across a variety of terminologies and using Chaplan's rules of application -is unnecessary and could be collapsed into a smaller (perhaps more manageable) number. The present study validated the application of nine of Chaplan's 19 match types as detailed in Table 10 .
All four mapped schemes demonstrated incidences of exact matches, species-genus subordination and concept matches. This suggests that these three forms of equivalence should be retained in any future set of mapping types proposed. Exact match, narrower (and broader) terms and concept match all constitute benefits for the retrieval of information since they provide the user with further information on a subject area and potentially relevant terms with which to search. In addition, code 3 (exact match with intervening characters) was assigned to mapped terms originating from MeSH and UNESCO; code 4 (plural form) was applied to one term mapped from LCSH to DDC; code 6 (genus-species subordination) was verified by terms from LCSH and UNESCO; code 7 (part-of-speech difference) was assigned to a mapping from UNESCO; code 9 (further specification) applied to relationships between terms from LCSH, MeSH and UNESCO; code 10 (spelling variation) proved valid in characterizing the association between one UNESCO term and a DDC equivalent. A closer examination of these match types suggests that they are not sufficiently distinct to warrant their inclusion in a reduced set of mapping types, with the possible exception of code 6. Code 6 is likely to be more frequently assigned should a scheme with extremely broad subject groupings and a low level of specificity be mapped to DDC. In other words, code 6 could prove valid when a scheme contains top terms exemplifying a broader subject scope than those contained within the target terminology.
It is proposed that where frequency counts are low and/or scheme-specific they could be combined, thus reducing the overall range of mapping types required within a terminology service. Code 3 is essentially an exact match and it is proposed that such cases be characterized accordingly. The addition of e.g. a space, a hyphen or a colon does not sufficiently change the meaning of a term to warrant the need for an additional match type. It is proposed that codes 4, 7, 9 and 10 constitute a form of concept match and, as such, should be assigned code 14. In each of these cases mapped terms convey equivalent concepts.
Extraneous match types
Based on the results shown in Table 6 , codes 2, 8, 11, 12, 13, 15, 16, 17, 18 and 19 appear redundant, given the current schemes and term sets extracted. This is not safe to assume at this stage, however, since the methodology led authors to actively seek exact matches, or as near to an exact match as possible. It is therefore probable that additional match codes are required depending on user circumstances. For example, it is possible that in a search for 'employment', the term 'unemployment' may be more useful than 'work'. It follows that more of Chaplan's match types than indicated by the data above may be relevant and that the set of match types presented in Section 6.4 should be supplemented accordingly.
Further research is required in this area to determine whether or not selected match types that appear extraneous in the present study -but were proven necessary within Chaplan's study -may in fact prove valid to the user in specific scenarios. The current authors would argue that codes 2, 8, 11, 12, 13, 16 and 17 constitute forms of concept match. In the case of code 15 (homograph), it is questionable that any such form of relationship would be imposed between terms during intellectual mapping. Although homographs appear as exact matches on a presentational basis, their meanings are not equivalent. It follows that no level of exact or partial match is relevant and that such terms essentially constitute a 'no match' relationship. In the current study, conducted within the context of an M2M terminology server employing the use of a DDC spine, such terms would be Genus-species superordination 7
Part-of-speech difference 9
Further specification 10 Spelling variation 14 Concept match presented to the user within their DDC hierarchies enabling their sense of meaning to become apparent.
The process of user disambiguation should be sufficient to handle any potential confusion over the sense of homographs. Chaplan did not find any incidence of match code 17 (date or numerical variation), making justification for the inclusion of this type of equivalence in her set of 19 unclear. This leaves match code 18 (no match), the relevance of which within an intellectual mapping scenario is questionable.
Conclusion and further work
The present study has confirmed that Chaplan's set of 19 match types is unnecessary for the purpose of characterizing equivalence relationships between terms in disparate schemes within the context of a DDC-spine based terminology server. The study examined the equivalence relationships necessary to map a subset of terms extracted from AAT, LCSH, MeSH and UNESCO to DDC. A total of nine of the 19 equivalence relationships were verified, with exact, concept and species-genus subordination proving the most frequently encountered types across all four schemes. This supports our stated hypothesis and provides us with a generic suite of match types.
Results of the present study indicate that general lessons for the field of information retrieval, such as improvements to relevance ranking algorithms, improved information for users relating to the relationship between their query and returned results and so on, may be learned. It would, however, in the authors' opinion be wrong to speculate on the significance of such indications within a real-world information retrieval context at this stage, in the absence of any concrete evidence for doing so. Further work will involve the implementation of our results (the reduced set); the effects on subsequent information retrieval via a terminology server will then be investigated.
It is considered likely that the nine match types verified from Chaplan's set could be further reduced, provided they are sufficiently well defined, to form a set closer to that proposed by the set theory-based SKOS Core MVS model. The present study indicates that the developing SKOS Core MVS is probably insufficient as it stands and requires modification, since currently only three match types (exactMatch, broaderMatch and minorMatch) appear applicable in the context of a distributed terminology server. This is consistent with the work of Liang et al. [33] and Liang and Sini [41] who found that the MVS required supplementing and redefining to express match types identified between AGROVOC and the Chinese Agricultural Thesaurus sufficiently. Nevertheless, the value of either approach for users engaging in a process of disambiguation remains unclear. We propose to conduct an appropriate user study to verify that a conceptual basis for match types is sufficient for the purposes of retrieval via a terminology server and that lexical differences do not compromise user success in this context.
The authors consider a principal focus of further work to be reconciling the differences between these disparate equivalence approaches. The set theory approach is considered advantageous because it provides a layer of abstraction, thus allowing equivalence types to be easily derived between extremely dissimilar KOS (e.g. between a classification and a thesaurus). Such approaches [3, 30] achieve this by maintaining abstraction, thus lowering equivalence specificity which, as we have seen, may be required for some applications. Conversely, approaches that provide specificity [8, 9, 27] can be difficult to apply across disparate KOS and are susceptible to misapplication, as demonstrated in this study. Within our model we see benefits to both approaches and instances where these approaches could be combined, depending on client service requirements. However, the principal focus should seek to reconcile their respective differences in order to identify a suite of equivalence matches that can balance the advantageous aspects of both approaches:
• To be sufficiently generic to enable deployment by communities of practice and in a wide variety of contexts or applications, including the semantic web.
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• To be easily applied across a variety of KOS by practitioners or service administrators with only a working knowledge of terminological issues.
• To offer a degree of specificity, but without compromising easy application.
• To provide sufficiently robust equivalence definitions so as to minimize misapplication and to promote the consistent characterization of equivalence relationships.
A possible limitation of the present study has been noted in Section 5.5; however, areas where potential limitations might be identified relate to the choice of schemes and the design of the mapping analysis respectively. Firstly, it is feasible that the choice of schemes investigated together with the extraction of terms to be mapped (although random) may have affected the outcome. In order to eliminate any such bias, the study should be extended to look at a wider range of schemes and a greater selection of terms from each. Secondly, the establishment of mappings and the analysis of equivalence types were conducted by two individuals. This was found to be necessary since the nature of the analysis required a high degree of proficiency in terminology mapping and KOS generally, therefore prohibiting the use of multiple researchers. However, we consider the controls used to stem bias and increase validity with respect to deriving mappings (see independent mapping in Section 5.2) and assigning match codes (see independent match type categorization in Section 5.3) to ameliorate any significant bias. It would nevertheless be valuable to observe the effect a larger number of suitably qualified researchers would have on match code assignation. Such limitations will be considered in future work, as described above.
